Wavefunctions of a relativistic heavy quark-light quark (Q, q) system described by a Dirac hamiltonian with a linear Lorentz scalar confinement potential (S) are analyzed. It is found that they are normalizable and that they do account for the Klein paradox. Calculation of the slope of the Isgur-Wise function at zero recoil point gives ξ ′ (1) = −1.05 ± 0.02. This suggests that if one considers relativistic effects, scalar confinement is favored for such a bound system in low orbital angular momentum states.
A covariant model to describe heavy quark-light quark (Q, q) bound systems which includes relativistic effects such as the recoil of the heavy quark has been introduced in Ref. [1] . This model has been succesfull in applications involving both hydrogenlike (B−, D−) meson spectroscopy and calculations of weak mixing angles [2] from exclusive semileptonic B-decays. The Dirac-like hamiltonian of Ref. [1] contains two potentials, the first is a central linear increasing Lorentz scalar potential (S) which describes dynamically the confinement, and the other is a color Coulomb-like potential which incorporates relativistic corrections to first order in m/M Q , where m is the light quark mass and M Q the heavy quark mass. One question about the above description however still remains and it is the concerning to the consistency of their solutions. It is reasonable to assume that the behavior of the solutions depends mainly on the structure of the non-perturbative confining potential, and for this reason it would be interesting to examine the nature of the confinement potentials.
In Ref. [3] it was pointed out that relativistic quarkonia systems (q, q) with Lorentz scalar confining linear potentials V s = β 1 β 2 κ s r ( κ s > 0 ) have unphysical non-normalized solutions, and that if the confining potential is of Lorentz vector nature,
this problem would not arise. If one uses both kind of potentials V s and V v it is necessary to have k s > k v in order to avoid singularities in the wave function. The way a possible singularity is prevented in the (q, q) wave function is through the use of a no-pair equation [3,?] . From this analysis arise the same kind of questions about the finitess of the (Q, q) wavefunctions.
Concerning directly to a (Q, q) system, in Ref. [5] it was pointed out that if this system is described by a Dirac hamiltonian with the light quark confined exclusively through a Lorentz vector potential (V ) it would lead to the Klein paradox, i.e. the mixing of positive and negative energy solutions. The authors of Ref. [5] noted that this problem could be avoided in two different ways :
-By using a Dirac hamiltonian and confining the light degree of freedom through an increasing Lorentz scalar potential. The purpose of this paper is to analize the relation between the solutions and the nature of the confinement of the light-degree of freedom for a (Q, q) bound system in low orbital angular momentum states when it is described by the hamiltonian of Ref. [1] which includes relativistic corrections to first order in m/M Q and whose dynamical confining potential is of Lorentz scalar nature (S). For such a purpose we employ the following three techniques :
-A phenomenological analysis of the solutions for a (Q, q) system by following an approach close related and adapted from the one introduced in Refs. [3,?] for a (q, q) system.
• 2.-By considering the classical turning points of the s-wave solutions.
• 3.-By calculating the slope of the Isgur-Wise function at zero recoil point.
In order to illustrate the development of the first, let us consider a simple scheme where the (Q, q) bound system is described by a Dirac equation and whose only interaction between the quarks present is that of confinement. We assume that confinement potential is composed of two parts : scalar S = βk s r and a vector V = k v r. Then the respective equation in the C.M. system would be :
If the wave function is decomposed as
where P ± ≡ (1 ± β)/2 are the standard projection operators into the upper and lower components of the wave function, then from (1) and (2) we obtain
From the last expression we see that if E > 0 and k v > k s , the lower sector of the wave function could have a singularity at r = (E + m)/(k v − k s ) and since
the wave function might not be normalized. In particular, let us observe from Eq. (3) that with vector confinement (S = 0), the wavefunctions would not be finite whereas if the confinement is of scalar nature (V = 0) the solutions would be finite.
Let us examine now what happens with the normalization of the wavefunctions of the covariant hamiltonian introduced in Ref. [1] for describing a (Q, q) system
where p is the light quark momentum, V s (r) ≡ βS(r) = βκ s r (κ s > 0) is the scalar confining 
where [6] this term represents the exchanged momentum between the bound quarks and it acquires a maximum value corresponding to the nonperturbative regime (quarks and gluons inside the meson) [7] . If we denote by R the radius of the hadron then
so that if we define
and use (7) together with U = − ξ/r f ms −1 = − 0.2 ξ/r GeV and S = κ s r f ms −1 = 5 κ s r GeV we obtain
where x ≡ r/R . In order to show that h(r) is positive for any value of r, let us note that the quantity between parenthesis in the last equation is positive at x = 0 and it does not take negative values for any value of r providing that R > 4 κ s ξ which for κ = 0.2 GeV −2 and ξ = 0.445 [1] . This means R > 1.6 GeV −2 = 0.32 f ms (which is reasonable for a hadronic radius). In particular, the denominator h(r) of Eq. (6) is not zero for any value of r with which the wave function ψ − is finite and consequently it is possible to conclude that a scalar confining potential (S) excludes divergent solutions.
Let us proceed now with the second test of the wave function, and for this purpose we impose the s-wave classical turning points condition p = 0 in the equation
where H is given by Eq. (5). We obtain β ( m + S ) + M Q + U = E which becomes
for the positive (β = 1) and negative (β = −1) energy states respectively 3 . On the other hand, if we turn on the color Coulomb interaction U and plot Eqs. (10) and (11) with S(r) = κ s r and U(r) = −ξ / r for two different values of light quark masses m = 0 , and m = 0.5 GeV we obtain the plot of Fig. 1 .
As it can be seen from Fig. 1 the singularity in the Coulomb potential at r = 0 distorts and mixes the positive and negative energy states inside the domain of perturbative physics r ≪ R 4 , but as was to be expected for a consistent potential, this effect dissappears in the non-perturbative (confinement) region r ∼ R. In other words, the scalar confining potential S imbedded in Eq. (5) does not mix the states in the confining region r ∼ R.
Furthermore, we note from Fig. 1 that the values of r for which the physical condition 
in this way for large values of r say r ∼ R, the Coulomb potential vanishes (U ∼ 0) and then from Eqs. (12) and (13) we would obtain
which is unphysical since it means that the negative and positive energy states are mixed in the non-perturbative region.
From the above discussion we note that scalar confining (S) in a Dirac-like hamiltonian accounts very well for the Klein paradox.
Finally and in order to get a bit more insight about the behavior of the eigenfunction of Eq. (5) we calculate the slope of the Isgur-Wise (IW) function at zero recoil point. As it was first noted in Ref. [5] , this quantity constitutes a sensitive test about the nature of the confinement potential.
Solving the equation H ψ = E ψ for bothH and D * mesons with H given by Eq. (5) we can obtain the light quark wave function and then the IW function can be evaluated with [5,?] 
where
and Ω is the spatial region explored by the wave function. By the way, in this work Ω is taken as a sphere of radius R (a sort of Bag radius). The spinors contained in Eq. (16)
In order to calculate the slope, we use the expression [10] 
and for light quark masses running from 0 to 0.25 GeV , we obtain
The above is an acceptable value for ξ ′ (1) since it is consistent with heavy-light data.
In Ref. To summarize, we can say that the scalar confinement potential (S) imbeded in the covariant hamiltonian of Eq. (5) has proved to resist the three different following test :
Analysis to the Sucher [3] of the wave function, the Klein paradox, and a good value for the slope of the IW function at zero recoil point.
For the above reason we believe that a linear scalar confinement potential (S) in a hydrogenlike mesonic system ((Q, q)) in low orbital angular momentum states is favored over the vector one (V ) provided complete relativistic effects are taken into account.
